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A summary of the results obtained in the LDRD project
“Interaction of a Magnetized Plasma with Structured Surfaces—From
Fusion Devices to Spacecraft” (LDRD 98-LW-023)

R.H. Cohen, G.D. Porter, D.D. Ryutov (PI)

Our work was directed towards developing a basic understanding of a new class of
phenomena: effects of surface structure tiom processes in @anagnetized plasma near
surfaces and at some distances for th&he mainresults of this studyhave been
published in References [1]-[7].

The surface structuresan be ofvarious kinds: topographic features ranging from
smooth “waviness” to a coar$emughness,’non-uniformities of thesecondary emission
coefficient,dielectricimpregnations into conductirgurface, etcThe expected effects are
strongest when the magnetic field forms a shabogle withthe surface.The current and
future applications of thimew branch ofplasmaphysicsinclude fusion devices, gas-
discharge and plasma-processing devilegge spacecraft, and physical phenomena in the
vicinity of celestial bodies without atmospheres (like, e.g., the Moon).

Our theoretical work is covered by References [1, 2] and by parts of References [3,
7]. We have developed a methodology that allows one to studynified way effects of
rough surfaces witlrbitrary scales of topographieatures, from sizesxceeding the ion
gyro-radius [1], to sizes much below the electron gyro-radyg, in the most interesting
case of a grazing magnefield. Theresultscan be presented indimensionless form, so
that theywould beequally applicable to the micrometer-sceteighness othe divertor
plates offusion devices, and to 10-km-scale structures dfumar surface. Wehave
identified the followingnew effects: 1) the plasma &bsorbed by only amall fraction of
the total surface, near the “mountain tops” of the bumps; 2) regions inaccéssiime or
both plasma specie§'shadows”) are formed behind thdumps; the size of these
inaccessible domainis, generallyspeaking,different for the electrons anébns; 3) this
latter circumstance leads to formation of fine potential structure both nesurfhee and in
the bulk plasma, leading to enhanced plasma transport. We have investigaretdkses
that may lead to plasma penetration into shadowsand concludedhat most probable
candidates are (depending on the specifics of plasma parameter&)werehybrid
instability and the ionization of the residugds [5]. Both processes turned out to be
relatively slow making the presence of tlehadows aralmost ubiquitous feature of the
problem.



Formation of the zones inaccessible for the plasma ions and/or electrons particularly
important in establishing the distribution of the poterdi@und spacecraft ipeomagnetic
environmentDevelopment of large electric potentiaser the surface of spacecraft may
cause arcing ankgad to failure of the spacecrafjuipment. Fluxes of fasupra-thermal
electrons that aresually the primary cause of the charging have to be neutralized by
adjustment of the current delivered to theface bythe ambienplasma. However, as the
plasma electrons argrongly tied to the magnetic fieltines, the zones “shaded” from
plasma electrons (and, by virtue of quasi-neutrality, from plasnms) are formed at some
orientation of spacecraft. The charge neutralizatiofasif electrons gets stronglyhibited
in thesezones,and large potentialdevelop.The other type othadowing occurs if the
velocity of the spacecraft is much higher than theti@rmalvelocity. In this case, the
density of the neutralizing plasma is small outside the zones determined Mgdhangle.

We have developed a “three-vector modf#] that allows one to describe these
phenomena in a unified way.

The rate at which the plasma can fill the “shadows” by a mechanism of the type of
the lower-hybrid instability is importantfor all the aforementioned applications, from
fusion devices to spacecraft. We have studied thisiksye at amall-scale experimental
device called'Bluebell”, Ref. [7] (we have modifiedfor our purposeghe previously
existing devicecalled “HeliconPlasmaSource”). The shadowingeffect was studied by
introducing a collimatingnaskthat allowed tgoroduce plasma streams with rasinaller
than the iongyro-radius. Itturned outthat these jetpersist at distances considerably
greater than the initial diameter of tjl@[4,6]. In otherwords, the anomalous broadening
of the jets, if atall present, is a slow procesand the aforementioned concept of
“shadowing” works in its direct form.

To summarize: theesults obtained ithe course of this workwill have animpact
on an understanding and improvement of performance of a broad range of laboratory
devices and spacecraft.

This work was performed under the auspices otilte. Department oEnergy by
Lawrence Livermore National Laboratory under Contract W-7405-ENG-48
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